Carboxylase and oxygenase activities of ribulose bisphosphate carboxylase purified from wheat were measured over the temperature range 5 to 35°C either at constant 02 and CO2 concentrations or where the 02 and CO2 simulated the concentrations in water equilibrated at each temperature with the same gaseous phase. At (v0/v,) in vivo with increased temperature could explain the observed effects on photorespiration and photosynthesis.
In C3 plants, 02 inhibition of photosynthesis, the CO2 compensation point, glycolate synthesis, and photorespiration are all increased with increasing temperature, more -rapidly than net photosynthesis (12, 13, 15, 26) and a corresponding decrease in quantum efficiency is found (8) . Attempts have been made to explain these observations in terms of the properties of RuBP1 carboxylase/oxygenase (EC 4.1.1.3.9). Thus, if it is the oxygenase activity of RuBP carboxylase that results in synthesis of most of the substrate for photorespiration, namely phosphoglycolate (19) , an increase in the oxygenase to carboxylase velocity ratio (v0/v,) in vivo with increased temperature could explain the observed effects on photorespiration and photosynthesis.
The velocity ratio v0/v, was reported to increase with temperature (2, 17) and the change was considered sufficient to account for increased photorespiration relative to photosynthesis.
Studies of the enzyme isolated from C3 plants showed that the kinetic parameters of the oxygenase and carboxylase activities change differently as the temperature increases and this may explain changes in v0/v, and hence increased photorespiration (3, 17) . Another proposal is that the increased solubility ratio 02/CO2 with increasing temperature may be a major cause of the increased 'Abbreviation: RuBP, ribulose 1,5-bisphosphate.
photorespiration (16) . Tenhunen et al. (24) (Fig. 2) . The calculation was made using dissociation constants from Harned and Bonner (11) with Air at Each Temperature (see Fig. 2) . The results will depend on the 02/CO2 solubility ratio as well as on the kinetic constants mentioned above. In air-equilibrated buffer, v0/v, increased between 15 and 35°C from 0.16 to 0.35 (Fig. 1 These concentrations should approximate those found in the stroma of chloroplasts of wheat leaves if the CO2 in the intercellular spaces is independent of temperature.
The measurements for soybean photosynthesis and photorespiration over the range 20 to 40'C (12) were recalculated in terms of the v0/vc using the stoichiometry of 2 mol 02 taken up by the oxygenase per mol CO2 released in photorespiration (19) . Since the original results (12) used CO2 evolution into a C02-free air stream in the light as a measure of photorespiration, the results probably underestimate the magnitude of CO2 products by an unknown amount (12) . In recalculating the results, we have made no correction for this. The results (Fig. 1) indicate that between 20 and 350C, the ratio changed from 0.28 to 0.50 which is an increase of 79%. The measured v0/vc values for the enzyme in solution equilibrated with 210,ul/1 CO2 and 21% (v/v) 02 increased similarly to this.
DISCUSSION
The experiments were not designed to study changes with temperature of individual kinetic constants for carboxylation and oxygenation, but to assess whether such changes were responsible for changes in the relative rates of carboxylation and oxygenation or were such as to cancel one another out and produce no effect. The advantage is that no specific model for the kinetics is assumed and measurements are made at near natural concentrations of CO2 and 02- The results above support the conclusion (16) that the differential solubility of 02 and CO2 with increasing temperature is the major factor in the 02 inhibition of photosynthesis. At constant concentrations of CO2 and 02 in solution, changes in temperature did not markedly change v0/vc. Thus, changes in the kinetic constants for the carboxylase and oxygenase reactions, where these are defined in the usual way in terms of concentrations in solution, must have been such as to have little effect on oxygenation relative to carboxylation and cannot explain the measured increase in photorespiration and decrease in photosynthesis in C3 plants at higher temperatures (12) . These findings on the isolated enzyme from wheat agree with data for wheat leaf photosynthesis where a fixed 02/CO2 solubility ratio of 33.8 at 220 or 32°C gave the same percentage inhibition of photosynthesis at both temperatures (16) .
The sensitivity of the v0/vc to changes in gas solubilities is shown by comparing the results at air levels of CO2 and 02 with those using air 02 and subatmospheric CO2. The (15) . Calculation from these data for the purified enzyme of expected rates of net photosynthesis using the equation P,,,t = v, -Y2v0, where P,,t = net CO2 fixation (19) , gives a curve for photosynthesis against temperature that is similar to that for leaf photosynthesis in 21% (v/v) 02 (15) . However, optimum photosynthesis would occur between 25 and 30'C instead of between 20 and 250C (15) . Also, the P,,,t calculated from enzyme activities did not decline to the same extent at 350C as observed for leaves (Fig. 3) . In leaves, higher temperature may cause stomata to close and thus further reduce CO2 in intercellular space. Also, the calculation did not allow for the independent increase of dark respiration with temperature that would occur in leaves.
The actual concentrations of CO2 and 02 confronting the enzyme in the chloroplast is a function of gas fluxes in and out of the leaf and may not necessarily be the same as that in the intercellular air spaces. The 'subatmospheric' conditions used in assays where the CO2 concentration was 60 to 70% of that found in ambient air is consistent with available data for CO2 in the intercellular spaces (24) . In (14) . The protein concentration used in vitro was only 0.4 to 0.6 mg/ml and RuBP was saturating. However, the state of activity and the rates of inactivation of the purified wheat carboxylase and the enzyme in fresh leaf extracts are similar (10) . In the leaf, the enzyme is functioning under steady-state conditions and the magnitude of the steady-state is dependent on the RuBP concentration (4) . The similarity in the effect of temperature on the affinity of intact leaves for CO2 and of RuBP carboxylase/oxygenase for CO2 and 02 suggests that the kinetic properties of the isolated enzyme may reflect those in vivo (17) . Therefore, while it is possible to come to the broad conclusion that the differential solubilities of O2 and CO2 constitute a major factor responsible for increased photorespiration at higher temperatures, more information concerning the actual CO2 and 02 concentrations within the chloroplast and the functioning of the enzyme in vivo is needed to further improve matching of photosynthesis and photorespiration by leaves to observed properties of purified RuBP carboxylase.
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